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greatly v a r y i n g  number o t t es t  cvc  I es tor  each ce l l , ~ nicai t ing t u l  i u t e r p r e —
tat ion appears not poss ib l e

• 4 (‘(‘1 I Va i i  ut  ~‘ s\tt~i 1 V S  S

I . 1 . 4 .1 CIiar ,~~’ R e t e n t  ion Test

The I a i li~sh cells were sub jet- t e ’d t o .1 ~‘ 1 i . ir ~~t’ I c t & -n—
t Ion tes t  ai--~ I ol lows: The comp i ‘tel Y Ii I sehar ged es-I Is (0 \ ‘) were s - l ) , I 1 - I’ i ’d
t o  I 0~- s t a t e  of cita rge ol  lowed liv open c i r cu I t s t a n d  . (~ ‘1I ~‘o i t ,I~~~~’ W~ I ;

n~)a I tored as a fun e  t Ion sit t h u t ’

A t vp tea  I vol  t ags ’— I t Itl e t i - ace for a series ccli is shown i It F i . - ‘ 1
ilo t h stat -k s  show d i scharge  due to s l i v e r  b r i d g in g  ( t h e  r a t s ’ of self d i s s ’lt ar gc
LIV T’eact  ion ol S t  I~’.,’r oXide with h y d r o gen  is eons id t ’t’al ’ I~ lower )  i t  si ight l v
di l l cl’ s-nt r a t  l’s. The volt age c hlangs ’s aft s’r rcduc t io n ol t ioc  si  1 \ ‘C I  ox ide

I 0 ’S’ q u l  t ~‘ rapid. ‘Fa t) 1 ~‘ -
‘ I sumnia I- i : s ’s ( It o r t ’SsI l t s ot t lit ’ elm rgc l e t  ~ll  t I s ’ ) !

t t ’St

• -~ . —~ }‘hiv s i s ~~i I l- x5im I mit  1011

Al  I I a l i e d  eel  i s  wero  s’a r e t u  1 1 v d i  sass’ ’mi’ l cd  and
ait~i i v  ‘~ d . The I m i  i t g s  w e i c  as t o l l  s ’\,’s : A I I s~s’l Is s i i~~iss~s1 o i l  vt ’l m i s~~I , i  t I ‘‘a
a i’ou it sl  t h e  Inner  and on t ci~ Igs ’ s ’ I t it s ’ i- - i -epa r a t  ~‘i mcmi) Ia in-s I ud I I ’ a t  ed his’
d.I rk areas on t, Itt’ liv d l 0 i~ s’fl stil l’ absorber  I ave  i- s • F m  ~~ • ,‘ -

‘ shows ;i t vp Ic  .1 1
examj)i e . S i  I ~‘er d e p o s i t  i- i- s-au be ss ’s’It (~ It hv drogei i  ci cc t i - od es . ( clti ’t -a 1 1 ~
si  1 ~‘ei’ m l g r a t  ton  was 1u- , I \ -  I C i  ~I t tIn’ I ow ’r pl : i  t es I l l  us ’ s C  1 1 i - i t  a~’k md I t s ’, l I
t i t e  I a b connec t io n .  Toe a Ii •~cd 1~~I ritod areas  we t’e dcl  s ’s ’ t ed  :~p N 1 rs ’i i I I v ~ - I

h~’ hea t  lug  v ía s i l ver  dendr  h t c s •  1,11 s- e li ~ we dcl ~~ 
( i ’d hu t - nod Pel  l s ’ii ‘ ‘t ~~’

s at the top Ii j’ elec t rode wit i 5-h a i’pea r l I k e  o xv gei i - -  l iv  ~l I’ogs’n bii i ’ i is
ilCaVV sliver depos I ts w er e  h 1s t  t t hu ted  t i t r oughou t  t it s’ S i i  \‘ s’ 1 - 51 sli.’ . I l ’Ss ’ i I ’~
1 ave  i’i-; • Tb Is app eai’ ed sonicwha t 1 ~‘ss severe in  the s t  I i ’ k i - i - w i t ii It I ghi C I cc- -
t l ’o I V t  0 cont  cut  . 5 1 1  y e  I pent’- t ra  ted also t Iti - ough t lit’ n hi -mbl -a l t es  a It i to i ig io  C I I ~ I

r a p i d  l v  enough t O  (‘d u S t - I a l l  n r c  In  our s’el I • ‘flit ’ NAS :\ S C h t i l  I I I  s ’t’ S WS ’ I  C ’

q u i t e  shark on t he hivsl logs-n c i c&- t rode s ide  I it d t e a t  1 ng si I \ -eo’ pa ssags’ . Tin-
i l V s l  t’ogcit elect rode tibSOI -lis ’I I ; i\ ’ s’i hehi m d  V (ski i Ig  wai-; i - i -  t t ong 1 v v e i l  ow . Sil-
ver penetration tht’otIght I’crmioli .~~ )1 appears more spo t “ p o ss ibi  v l u s h  I C I t  I
i nhomogene l t i e s  In t h e  membranes .  No A g p e n e t r a t i o n  w i - i  I ’bSs ’l v S ’d is’ i t  it
Pt ’rm I on 21 Q I ii mu I t I 1. i  ye i’ lam i n a t e .  Most s- e l i  appea red qi i  I t o d i v  t ipoot
d i  S.iSS~’flhl ) I V

C ) ~ Ss ’USS I S i t I

A summary s i t  t h e  nuntheo ’ o f as-ee l ( ‘ 1 , 1  I ed I e’~ I l v i ’ I e ~ t o  t : t I I  u i s ~
i- i shown lii l ii ’ i t —  2 . ’ . l - I c I I  s V i ’ I~’ I b e  I cId( ’ SI two sh t ’t’li ii l ;s hI  I~~- ( -o • l i i  add i t  I

t h e  c e l l o  wet s’ sub It-c t e d  to i- ;evet a I p r ot  t ’st s~ V s~ l t ’~~ . ‘I t ifle t o  I a t  11 ( 0 - I - \‘ , I  I
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TABLE 21

CHARGE RETENTION OF FAILED CELLS . CHARGE INPUT 0.52 Ahr

FOR THIN ANt) 1.4 Ahr FOR THICK PLATE CELLS (DATA RECORI )

NO. 47)

Time to
Failure

Cell No. Station No. (hrs) ______________________________ -

~~

9 00 9 . 2 5 , 10 .5  Both stacks failed .

11 01 8 , ‘ 24 One stack failed .

1 02 4

3 03 1

5 04 3 .5

7 05 — Not tes ted .

13 06 3 , 24 One s tack  f a i l e d .

15 07 > 24 , > 24 N e i t h e r  s t ack  f a i l e d .

— 08 — Not tested .

• 10 09 6.~
4 OA 7

12 OB 24

2 OC Not tested .

14 01) ‘-- 24

8 OE — Not t e st e d .

16 OF - 24
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Fig ure 22 .  Hydrogen electrode absorber layer and membrane
of a cycled Ag/ 1-l~ cell (Cell No. 5). Dark areas
on the absorber layer show silver migration
around the membrane edge .
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TABLE 22

NUMBER OF ACCELERATED TEST CYCLES TO FAILURE FOR Ag/H 2 CELLS

Cell No. Fi rst Fa i lure  Second Fai lure  Total

1 25 25
3 21 7 28
5 3 3

~ 5— 11 7 7
~ 7 1 14 13
~ 9* 1 1 2

~ 11~ 14 1 15
~ 13* 1 1 2
1-’ j5* 29 2’)

18* — —

2 37 37
4 — —

~ 4 —l I  8 8
- -

,~~ 6— l I  1 1

~~ 8 23  28 ‘-‘1
~~ 10 27
~—4 1 ’  ‘1/ 1

~~~~~ 
- -I

14 23 4 2 7
C 16 23 1-4 42

*Se r ies configurat ion.
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widel y f rom 1 to 51 — 10. 6 hr cycles. Sometimes a failed cell will s’s ’ i - : t l n u t’
fo r a substantial number of cycles af ter  a C /2  r a t e  c i t a r g e - d i s ch t a r g e  cv c i i -
(e . g . ,  cel ls  3 , 7 , 8 , 16) .  The general mode of 1ai l ure  was v i a  “~~o t t  s h o r t s”
caused by silver bridging around the membrane edges. Thus t u e  r esu l  ts are
not suitable to evaluate the various parameters of t h e  t s ’st matrix. -\

main effort wa~ to be directed towards finding of an e f f e c t i v e  s o l u t i o n  Ut
the silver brid ging problem.

4 .  Boiler Plate Cells of Rolled C o n f ig u r a t i o n

4.1 Hardwa re and Cell Co~ structIoit

Silver mi gration around the inner and out sr edge areas  h~is been
‘I identified as the main problem . To eliminate this prs ’b I em we changed Un’

cell design to a rolled configuration w h i c h  al lows cons i d er ab l v  larg (’r
membrane overlapp ing. The cell s contain 7. ~i x 25 CIII silver ansi l i ydr o g s ’n
elec trodes In a s in g is- wrap along tile inside pressurl- vessel w a l l  ( Si ’s’
Fig. 23) . The electrode package is retained by a 30 i-nil OPCfl s~~~l indt-r ot
Ni20 0 and a stainless steel retaining r ing (TR U A R C) . The membranes o v e r l a p
1 cm at the top and bottom and 1.5 cm in the gap wit cr c t lus’ elt ’s- t iod ~~ ( f l eet .
The NASA separator  almost b u t t s  in the gap s ince it was not  p o ssi b le  t o  bend
i t  inwards.  Thermocouples arc located in the gas screen on the  hy drogen
electrode side. Reference c tec t ros l e s  c o n si s t  of a l u l l  s i ’ i’ cs ’mps ’I n - i - u t  i~i t Ii
a snull a c t i v e  area on the inside of the  wal l  a d j a c e n t  t - ”  t h e  i i i  cke l  l’ et i i  i ll  i ng
c l  inder. Elec trolyte connec tion is provided v I a  .i i~j s’k t i o m  t he  l i v d i o g e n
side.

4. 2 Test Mat r ix

To maxint i .-e the infornv i t ion oh ta m able f rom the  c e l l  t s ’O t s  we
decided against exas- t  dup l i ca t ion  of the o r i gina l t e s t  i - i t  r i x .  The mod i I i t ’d
ma t r ix is as shown in Table -

‘ 
. Fort - v pi~rci’t1t is,0i1 I S  i t se t l  I 01’ 1 . 11

o ther  symbols are as described ea r l i e r  (se e Se c t .  I . -~~ . The t e s t  i- -c l ine
consisted again of tile accelerated AF cycle described in  p a r a g r i p l i  1 . 2 .2 .

4 . 1 Results C

4.1.1 Pretest Cys-ling

The l b cells were vacuum Impt ’egn at  ed wit tu 4(11 K )it ,iii l f i l l e d
to 100 ps Ig with 112 . Cells conta ining  the NASA sepiir:it or ct’l Ii - ; ‘s ’s’ t~~ ’ so,ik ed
over nI ght f i l l e d  w i t h  KOB . Tattle 24 st immar i ;~i’s t in ’  t s-st l u st  5’ t v  o l  I l ie

rolled Ag/H 1 eel is. The fo rma t  ion cha rge Wi-IS c a r r i e d  o u t  i t  .i C , t~0 i- at  s

(0. 333A and 0.1 33A for thick and thin ~‘oII s respes- t i ve  Iv) . I ) s’sp i t s ’ I lie i~ ’i
curren t densi tv some cells exceeded 2 .  5V and cou lsi  not  b5’ si t  s~’li~i rgc d .1 t a
reasonable current detos It v ( ~C I I 0) w i t  11051 t 5 (‘i-el’ s’ ps ’ la r I ~- u  I on - Si  tue  0 t he
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-

‘ 

CELL ~~~E 
Ri~~~

~Ii T~

H2 ELECTRODE

T~
I~G ELECTRODE

FI gure  2 3 .  SchematI c  of rolled Ag/Hi s’el I confi gurat ion.
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TA!’) 1- 2 1

TEST MATRIX FOR ROI LED A g/ Il 2 CELl S

Set I — Membrane type and pla te thickness e f f e c t

N ,E,C f ixed at m , e , C1 o 1

to t
i

m 17 18

in 1 
19 20

m2 
21 22

in
3 

23 24

Cells 21 , 22 , 23 and 24 are ins t rumented  (Ref. Electrode , Ther mocoup le ,

02 
Sensor).

Main Effec ts: M , T
Interaction : MT

Set 11 — Number of membrane l~yers and membrane type e f fe c t

T, E, C fixed at t1, e0, C1
.

n
o 

n
1

m
0 [ 2 S  18*

26 2 2 *

m
l 

~

‘ ‘

*Carrjed out in Set I.

Main E f f e c ’ s: M , N
Interaction : MN
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TABLE 23
(CONTINUED)

Set III — Effects of electrolyte level, plate thickness and membrane ty p e

A: N , H, C f ixed at n1, m1, C1

to t
i

e
0 [~~~

l9* 20*

e
1 

28 29 
-

‘

*Carrjed out in Set I.

Main E f f e c ts: E , T
Interaction : ET

~ T , C , N fixed at t
:~ 

C 1, ~~~ 

e
1

17* 30

21* 31

m
3 

23* 32

*Carrfed out in Set I.

Main Effects: E, M
Interaction ? EM
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PRET E ST 111 STORY OF ROL l ED Ag/ i l .) C F ! l S

I I

F
(‘V s  1 ‘ No.  f l a t  a Rs ’es l r~l No.

i~ I t o  5 1 (‘oi l  I oi’ uta t  I on I, I h ~‘~‘ 1 l  -;
C e l l  .‘l • - ‘ s , ‘ t~ , Oi s I  i i  ‘~ ,‘ ‘ ‘ l ’ ~l ~~~ 1 V

Ott c h a rg e
- \ i l  s e l l ’ ;  s ’ x I ’ eI l t  i i , ‘6 , h i , 15 , , ‘ ,

- 
- po i i i -  I ~t ’d be I OW (1~ 

C
l \C ~~ s i t  ; c l u , i  go (1  \

I I s~s’i l i--i- i - t ’ i t t t p t ( ’ ;~~I i i  I s’s l .
Cliai ’ged ~e 1 I ; ;  d I i- -ic ha t~~~’sl

• 5 1  Ses ’o nsl I s’rttia 1 1011 s~ ha i - O s ’

(‘el i i - ;  ,~0 , I I  

• ,~~~ ‘x s ’ ’ ’ s l t ’sI _~~~~~, \ on
cl ia  i - - g e.
t .~’ I 1 s ‘0 . ‘ ‘  • ‘1’ , i u id  11 - o u t  I sl i - to t  I l _-

si I ~ ‘1u , tigs ’d at C/I rut e.

Cs~ I I i - ;  20 • -
— ‘ I )  , u i - t~l 1 1 i c  i thi -i 1I’ s ’gi i~l t  ed .

t e l l  ‘ h si ii - ; i i - ; ; ; , ’nil l I s-d ui- si t e l ’ i s  I I  ,ii - ;

55 ( ‘ I i , i i g s ’— s l  ( ; ; s ’ I u - u t ~~, ’ e v e  I~ ~~~ 7 r, iI ‘~~ -

t~ ’ l i i - ;  I~~~ I l  ‘~~ •7 C~4 , ‘ \ ‘ ‘ s ’ ! s s i  _ ‘ ‘ \

osi  c i i a i ’gs ’ .
t~~l io - ‘ 1! , 

I
• - ‘ / p 1  l~, t  j c s l i1t~~i s ’5, ciii o u t

l i m i t
Cc l i ~~ ‘0 a un t ‘ , s ’ I u i i p i ’ e g I i u t  s ’d ( - s i l t  i ; i ~ I s ’~~. 1

s Cli ,ui ’gt-— sl I ss-iiarg e s -ic I c  ( 1/ . ’ u s t  ‘~~

,-\ i i  ~e 1 li - i - I itc i ns t  ii ug .~~~ l E  r , ’ i t t -s - i t  ~‘,I
(‘ci i i - ;  ‘0 / , ‘\s s C , Ic ,t  ‘ ‘ \ ‘ —

t ’ s ’ I l i - I  .
1 11 , .
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i’~’ l t  u p s — I li - ui I t
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exper iment a I ev I deuce po I i t t  esi to ~I i -t c  k o I - e I t ’t~ t r st 1 v ts- as t lit ’ cause  f o r  t l i t ’
ii I git ~ t’ I, 1 impeslanc e • a I I c e 1 1 s we’r e r e Impr egna t ed . A f t er re Impregna I I on
CCI I s w}i is~ ii pre y b u s  1 v po L a r I ~i- t -d SOVO r t -  I V , d I sehnu rg t ’d norm~i I I v . l)ur I ug a
second forma t ion charge the same behav io r  desc r ibed  above was encountered
again. The prohi ems were mo rt’ pronounced wI th t h e  f b i  ck s’l cc trode cells
F I g u r e s  24 and 25 show t y p i c a l  po t en t  f a l  — t  ime b e h a v I o r  d u r i n g  forma t ion
cha rge .  A more ds- I iii ed c o m p a r a t i v e  oval ua t Ion Is gfvs -n  in Tab ~~ 2 C

t . i t
shows tha t  the second impregna t I si-n si Id hel p moderate this’ polar i :~:u t Ion SOUls’—

what , however , t h e  l i - i - u s  I s ’ prob I cm remains , and ao we will d i s c u s s  l a te r , i s
O f  a 11101’s’ f u n d a m e n t a l  na t  i -Irs - .

‘l\eo ~
‘ I i i  r ae t or 1 s 1 1 e vol t age t Ime curves  fo r  t it s’ C / 2 ri-i t e s’\-c leo i-u rs’

shown In Figs .  ,
I 
b and 27 . T u e  v o l t  i-sg s’ t r a t ’ I’ of Cs ’ I I  1 7 is  fa  i i’i v normal

Cells Ii , I t , ii ansI 12 sh ow similar behavior. (lo ll 19 (Fig,. ‘7 )  shows
the vol tags’ Inc r s-ass ’ on s’ha rge and t u e  vo l  tage d i p on subsequent  d I sci iarg,s’
‘I’ti is behavior was foun d  r i-tort’ or b o o  pronouncs-d In  a ll 01 i i s ’ i ’ cc.l Is.

4 .  1. 2 A s ’s’ l s - i t e d - l e ’~~~’st iit ’

A f t  ci - t l i t .’ fst rmat  Ion and C/ I  c ap. is - I t i  ~ y e  1 cC , t itt. - c e l l  s were
tes ted LIS I tig, i-i s’c s’l t ’ r i - i t  s’d A l ” cvc  1 es . Tite s-barge  and si i sc i ta i ’gt’ cu r r e n t s  Wet’ s’
0 . 4 , 5  ,-\ b r  t h i n , 1.2( 1 A f o r  t h i c k  and 4 .55 A f o r  t h i n  12 .0  A fo r  t i t i c i s
plats- s’e 1 Is l’ s’sps ’s’ t lvs ’l i’ c o r re sp o n d i n g  t o  nomina l c a p a c i t ie s  of  , .70 Alt fou
t h i n  and 1 S 0  \ l i  f o r  th  i~’k p l a t e  cs- I Is. h’he t h i c k  A g, p u - i t c cs-l i s  20 , 12 ,
and 27 were lit ’ t In c  ltu sl e si I i t  t i t  is  I cot  . 0! 1 I t s ’ I i t t  ek A g, p i - i t  e c e l l  , Oil I
the two c e l l  s w I fit t Its- l ij o rgan i e NA SA st ’pa r i -u to r i’t’mi - i I ned l i t  opt ’ t a t  lO l l  li -s ’ \Oi -isi
this’ seco nd S-y e  I c .  Of the  t h i n  p l a t e  c e l l s , two  w i t i t  ~‘i s k f i u g  t a l  I t ’sl d ui i ’ i n g
th e  9t h  and 21 ot cvi ’ ico wh i l i e  t in ’ si-Ili ’s c oul t ,u u i  ug 1-lit ’ N ,\5 ;\ ss ’pai - ’a t o t  ~‘ , ‘ u i  -

I lflut’sl to s’~’cieo 48 i-u id ( i - S . O n l y  the  t h i c k  p l a i t ’ s-e l i  (No . 2~~) c O i l u I ) i O t t ’sI
over tOt) Al - ~ i’~ ’ I s - i - ;  ~.o r i’ t-s poiid I iig t o  ovet- .1 00(1 dec 11 si I sci u a  i g s ’;; w i t  hoi t  t I a i i  itt ’ s’.

Tli&’ t&— s I h i  o t o  v is snunu nu a r— I ‘ed in  Tab Is ’  21 ’ . V o l t  ; u g s - , l . u  I a l i - i - i ’  C s - I  I N ’ . 2
slur I ng eve It ’ i 8 ’s i- i nst 125 i- i i’ e shown li t  F i go . ‘5 and ~~ . A f t  s-i  f l i t ’  i a of ci- , - I s ’
t i lt ’ s e l l W i- iS  i oft on si -pe l t c i  Ft it  I t  to ds- f t -i’m h is’ Ito i -a t e  ol se l l  si I seita u’gt ’
The resu it a rs’ sl i  C c i i; ; ; ;  s- si i i - i t  or. Suhocqu s’n I i  v i-i ci 2 i- i - I t s’ cu -I i’ ge— d i u-i c ita F g , t ’

e ve I s’ wai - ; usesl t o  dot  t -rm ins ’ s ’ t ’ 11 t~a pi - it’ i t  v . At 7 .  ~ A (flout I ( t i - i l  c/ I  i’ i - i t  e) I lie
t - t ’ i  1 c api-ic i t  i’ to .8V wi-is 1 2 . 2  Alt .

C ps t i t  tU sasi-is ’nub i v  01 t h e  c -l i I t was no! s’d t h i - i t  t h e  ii vs-i’ si  sh’
uv l  on absorbet -  I i v c u ’ wi -i s h l i - i t - k i - i n t l  s-o u t  i - u I nest i-i s ’OflC I shs ’rab le  i -un i oun t  of i - i - i l  —
ver . The NAS A sep i-ir a I s i - t ’ wi-i s vs ’ i ’v d ;i t’k a t  t It s- mcmli - r i - ui - ic  s id e  and d a r k  g, r ev
o t t  t li t ’ o f tis’ I i s ’ lu g  tin- li - i- ci s-c t rot it ’ . Ths’ i i ,  t’l Os ’ t rods’ siiowt- d I i - g e  i i  s - i ; ;

u i - f  d 1st  l i i i ’ t s I I  Vt’ F depou-i f t  ion ansi t lit’ a d i  uce i t  t uv ion  ahso i-hor I , u vc - i ; ;  Wt ’i ’c
mesh (u rn gre y m d  Ici -i t I rig tin- presence of 55)1110 sI I vet . Ovt-i’a I i , I he s ’ t ’l I
a li -pt -a rod In very  good s~ond I t ion s’si - it5 I dt ’r I r ig  t h e  I s-s I Ii is io u - v . I t con t , u j u t  -d
no sh or t  c I r c u t  t o .  T h e  prs’oi ;iui’e vessel wi - ills showed si-xIti :it l y e  i - i t  t i s k

i t  
C
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TABLE 26

TEST HISTORY OF ROLLED Ag/H 7 CELLS - ACCELERATEI) AF ‘LESt ’ CYCLE

,ç~~ le No. Data Record No.

1 008A Cells 17 to ii), 11 , 21 to
25 , 28 to 32 started s-vs -1[ ng.

2 008B Cells  28 , 2~ and 31 failed .

6 008F Cell 2 1 failed (-‘2 .5 V).

9 0092 Cell 32 failed .

21 009E Cell 23 failed ,

47 00B7 Ce l l  No.  18 f a i l e d  si-n d i s c h ar g e  -

48 00B8 Cel l  Nt ’. 17 f a i l  i’d i-i-n i-I Is,-ha rg t ’

65 00C9 Cell Ni-). 3(1 failed on d i  s c h ar g ~’ -

530 C c l i  No - 25 was removed f
_

i
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Quant  i t i - I  t ive z ina ly s  is of the s i l\ ’ t l ’  i - i - i d e  pci l i - i -n and the  NAS :\ ss’~s :u r , u t o r
showed 0 . 61i-g Ag in each component  From t l u i -’ we igl i t  o f t h e  irni iv i dna I s’ s) l I )—

po flents  a f t e r  disassembly we ca l cu l a t ed  the d c i -- t ro l  v i  e s at u r a t  ion of t h e
s i lver  e lectrode and the NASA separator  to he about  lOfl~ and the  p e l lon
layer on the H ’, s ide  was 74 % sRtur a t ed w h i l e  the  Ag s ide  a b s o r ber  l avs,-r was
;o:~ saturated . The e l ec t r o l y t e  his tor y  was as f ol l o w s :  11-ue s’eil c o n t a i n e d
approximatel y 37 cc a f t e r  the 2nd r e i m p r eg n at i on .  1)ra i~~t d  amounts  are  I .0 i--c
after formation , 0. 2 cc after the 2nd c~’i - le, 1.8 ci- ; s f t t i ’  413 c v c l i ’ s and
2 .0 cc a f t e r  cv i-’l e  529.  This would r e su l t  in 32 cc for  t he  s ta c k  a f t e r
cy c l i ng . From wei ghed components we account  fo r  24 cm 3 . ‘h’Ite d i f t s -r c ’u ~ ’s’ is
p r o b a b ly  i-t ue to e l e c t r o l y t e  which  was v i s ib ly  c l ing in g to gas screens au -I
the cell  wal l  and to t h e  inaccuracy  in the i n i t i a l  e1~~s’ t r o l ‘~‘te ~‘, u 1 i i & ’  w h i t - l u
resulted f rom t lue  d i f f e r e n c e of two large ci t’c tro l \ ’ tt ’  ~‘ol u i i n e s .

4 . 1 .3  Fai lure  Anaiv s i~

All  fa  i 1 ci-1 cc l  is were suh j ec tes t  t o a c l u i - u t ’g5’ r e t i -’nt  ion t o s t
Th is involved comp let s ’  i-h iss ’hia r~ e fol lowed l- sv ch i - ir~ iu ~~ t~~ -~-S . - 5~ f i t s  s- a l - i - I s ’ i I v
and open c ir c u i t  stand . Over the ul ionitor ing p er iod  ( s  2~ hii’ s) t’it i -  t -hau gu ,- in
open c ircu i t vol tage ( 1 . 1 $\‘ ) t~ u i - i - observed . l’lu i s m d  ~ s ,ì t ed t h u a t sh ot’ t c i r—
ct _l i  t i -c , e . g .  , li-v s i l ver  bridging .u I ) I ) Cars ’sI n Ot  tO be a pr ~ h i - l e m _

lii order  t i - i -  pool  t ly e !  i-- l i-t ent  ifs’ t l u e  c a i - u i - i - e  0 f t lie pr t ~bl ciii encounts ’u’ s’d I t u
the rol led co nf i gur a  t I on se v er a l  tcs t ccl  I s w c u e  d I sassenuh i  ‘-d and in i - i -ps ’C t eti

Ccl I _i~ s:’ was ~I I si -is senuli - 1 etl I ii the i-I isehia t’~ t’tI -i- ta te  _ N I t ’u’e~ uu I ,u i’ i t i i-— s i--s ui ~’ h a
flon—L ifli form compression ot spot t y ut  i I i : i - u t ii -’Cli ‘ C I  t h u i -’ i--i- i I vet’ i--i s’ , trs)ds’ s~t i -tIlct

j~-s~ ’ det ’c ted _ ‘l’he absoi ’l i - i --t - I ~~ ‘i-’u ’ s were  i t’ I a t iv c lv  d t’ v i - s u i t  d i i - I  t s ’-ulta in i- i -~ ’nI ’

u~’ icc t l’s i- I \‘ t e . ihe  s’ i-’ I .1 Wa S l el)t l I I t t ii t lie sanuc cent  i si -u I ’J I i C’1l is I thi a I1C\-,

si  l v i -’r s~l s ~s - troth’. S f r i - i  I ~u u ’ observa t f O i l S  ~,‘ s ’1’ t) uiu ad e 111)011 d i s ,u s s s ’mb i v t ’f Cs ’ 11 22 .
Ct - i l  20 was charged  tint ii t he  ~-ei t a g s ’ st~ui’t.ei-l to 1’ i sO i-4fld t h e n  i-h i sass -ml i- l~~sh
i n the  charged s t a t e  - Fh u ~ s f 1  ve t ’  s [tie ieSs ’ l V ( ’ C  f t  15d i- fou n d  t i i -  be .i l inest ~ s ’i - iI
p l ct e l v  d ry .  The hu v sl i’oi t ’n side  was f l s o d i -’d — h -~ven t h u s ’ I’i-’t ’ I o n  ba C L lu g  s i - f  t h e
h vi -lr ogen el e~’ t i’ t i-de appeared wet  . S . i’flu- 1 ol ci es t ro lv  t e was i-Ira i utest  I u’ s i - ru

th us ’ pr s ’ssuuu’e  vesse l  . Us i uig the  counp olien t w e i g h t  a f t e r  ~‘e I I d i s , u ~~i-- emI ’ l v
w i t h o u t  i-- o r t ’ec t ion fou -  t h e  obv i t - s i - u s  ii- i i  ~‘e r sl& ’i)OS i t  in  t h e  sf 1 v e i  side , u l i - i - i - o t’i i - ei’
i , u v i -’ i’ si-ne ca l  t ’ t t  la t s’s the  f 5 i -  I lowing elec t t el  v t i -’- si-i  t i- ir a  t ion  ( ,u s s tume t l  i--o ml i- t- rue u u I
t h I c k n ess , 1 5 m u ‘I . A g side absorber  < 3~~ - . 1 s t  a nd 2nd 112 s l d i -- i - I l ’ so rbet’
l ay er  “ t i -S , - each .

Figure  ~~
) sh i-ws c e l l  p o l ar  i zi -u t ion (Cel l 1 1 )  r i-’ f o r  t o  a n d a t~ t t ’i

te impregna t ion i l l  ust u-a t  I u is ~ a I so tilt) 11 igh m t  ei’ u i~u l i inpt ’sh u nt e

C e l l  2 b was r e b u i l t  ( 2~ R) . At tel- impregui-u t I eu au - id t h r a  in I ng i t  l’s’ t a I nesh
35, 9 s-rn- 3 i - i - f  c i  cc t ro l  ~‘t t ’ . Thi&’ i-- s-il ía f l e d  s-s n ‘ Iua i ~~e isv t ’XC cod i i i s~ ,‘ . 5V . A t
the end o t~ s-ha rge (1. 7 cm 3 t i - f  t ’ Is’s’ t tel Vt e welt’ i-I ri-i I lI ed . l l i s ’  s e i  I t~’ , u sI 1 st ssemb I ed
and the si lvs- r side  , u h i - s s i- i-li- er 1 1\’ s’F was I t i - t in s 1  ‘‘ il - - v ’

80 

- - - -— --— — - _-
~~~~~~~~~~~~~~

--
~~~~~~~~ ‘-- — -_ - - - - -m ~~~~- ‘---~~~~~~~~ - -



-‘ - — ‘ -  — - - - - — ‘ - ‘ fl- ,.’ , 
‘~WC’ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~VC7I ‘C ’ ’ ’  “-~nflr ’-’fl- ~~~~~~ w’flW ,i-7’Cr-.’fl,w--,~~~~,- ..wCrC I ‘it’

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

:~: 
~~~~~L

0 2  

i
I , (AMPs)

Fi gu re 10. t e l l  vo l t  i - ugi -’ u s a f u n c t  ion s i - f  curls ’nt p l - f l ’ i -  (01  i l - s I  i t  t 5 i

‘1 third i m pr e c ~n i - u t ion  ( C s ’ ? ?  I I ) .
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One of our c i i - u l s ’ s’rns  I s r e l a t e d  to th e  absorber  l a ys’r—men ul i - u ane in t e r —
face .  W i t h  a r e l a t i v e ly  d r y  non woven ny lon , in t i r n a t e c o nt a c t  ~- Iu i - O i l  iS

t i cc i -’i- -i -sarv f o r  back w i c k i n g  would ex i s t  o n u l y  where f ly l o l l  f i l i - e r~-, - ‘  e u - h  t h e
membrane and thus ex is t  only over a small s u r f a c e  area . Wi -’ t h e r e for e  r e b u i l t
cell 26R in the sari-’ cou f  igu r at  ion hu t  wi th one 1 av er  i - i - f I 0 ml 1 ash-e s  t os slu
ci ther  side of the barr  icr membrane (Cell  26RA) . (‘l i : iu ’ g I n~’, \~- ; I ~~; t e l m  in - I t  ‘ - (

a f t e r  reaching 2 .5V. Cvs ’ ling resu l ted  in rapid c ap a c i ty  dec r~- - u s ~- . C - l b  21, R
was f u r t h e r  mod i f i ed  by rep lacing the nylon on the Ag s ide  w~ t hu  tw o 10 mU
asbestos layers (Cell 2b I~A’I’) . Cycl ing resu l ted  also in d e cr e a s in g  c a p a c i ty
but at a much slower rate. Charge was terminated isv t ime or in fl1s)~~t eases

-

. by a set volta ge l imit on charge. Fi gure 131 shows two t Yp i c a l  ch i ~s rg e  and
discharge  curves of the two cells . B o t h  ce l ls  t~’ere  elec t n i - I  ~‘ t e — l  f r u i t e d  and
excess charge  input  r e s u l t s  in a con t inu ing  e l e c t r o l y t e  st a r v a t i o n .  At  t h e
end of cycling (40 cycles), Cell 26RA ’I’ had los t  40 of its o r i g inal e l e c t  r o —
lv te leaving,  espec i s l  I v  the Ag s i de , q u i t e  d ry .

4 3 4  S e l f— 1) i s c h a r g s ’ ui- sf  Ag / U Ccl is

Thus� s e l f — d i s c h a rg e  charac  t er i s t ic s  of r o l l e d  c o n f i g u r a t i o n
A g/H z  cel ls  were d e t e r m i n e d  isv the r e c o r d i n g  o t ~ ce ll p r e ss ur es  during open
c i r c u i t  s tand ever  a p er iod of 600 hours  (-~ 25 d i - u v s l  a f t e r  f u l i v  chui - ur g in g
the cells at the C/2 rate, These c el l s  f, i  i l i --d v e t ’, s’,u r lv  d s i - r i n s~ cy c le
testing . There f o r e  c-ompl i — i - i t  ions  due to  511 \‘ C i  li-i l ta t f C i I  . t  Iii-) t pis’-sel’u t
All  cells were re i nupr cguia  t - 1  w i t h  40~ KOhl and i-~h ui - - i r~ s ’d ti n t  ii t I - i s ’ Ci - ip i -I C i t\ ’
i n p u t  exceeded t h e  t lu i -’i-i- r ’ t  l e a  1 s- a pa c i t v  by i5~ . ( ‘ i-- I  i s  t h a t -  d r i e d  o t u t
du r ing  cha I’ge were  re— impregna ted and e l i - i - s  r e  I i i g  ~- , u s s e n t  inu ed . ‘h’1 u ~
took p lace @ 23 C C.

A c;ut’ eIul eva l i - u i - s t  io n  01 t I i i  s d a t a  h i -u s sh own  t irs t t h i s - F _ i t s ’ I S  I -i r s t
o rde r  in hy drogen  pressure. The r a t - i -’ of liv 11’ s C~ s -n i--ensump t iOu C~~ fl be
described isv

dn 11
___ = —k p ( l ’ s l

d t  II ..,

- 

= number i- -i moles of Il 2~ 
I t i m e , p 11 

pi’ t ’ s s C u u ’ s’ . From t h 5 - gs ’ n - u . i i  g s ~- I is. _

n = — - -‘ ~~ 1)
H ,) R’l’ -

V = c s - I l  vo lum e , R = gas c o n s t a n t ,  T t empu ,’r 5 i t t t r s ’ .
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